Three types of irrigation treatments were set up to evaluate the irrigation management by hanging balance and integrated solar radiation (ISR) in closed perlite culture system. Two irrigation regimes were controlled by hanging balance at two drainage rates; high and low level were between 10~15% (dr-H) and 1~5% (dr-L) respectively. Another regime was controlled by specific ISR of 576 kJ·m -2 . The weighing system could control the amount of irrigation accurately up to 0.05kg. The amount of irrigated solution by balance was high in dr-H and low in dr-L. The amount of irrigated solution by ISR was more on the day of daily ISR of 16.6 MJ·m -2 than 11.3 MJ·m -2 . The water content (%) in perlite controlled by balance was steadily maintained on the level of 26% in dr-H, and 22% in dr-L during the irrigation period, whereas the water content (%) in perlite controlled by ISR varied greatly between about 23 to 26%. Drainage rate was very different among treatments as 14.3% in dr-H and 51% in ISR-576 on the day of daily ISR of 11.3 MJ·m -2 . Soluble solid content was high in ISR-576 and low in dr-L. Fruit fresh weight was higher in dr-H than other treatments. Accordingly irrigation management by balance in perlite culture in a closed system seems to be good for fruit quality and economic use of water and nutrient solution.
INTRODUCTION
Recently computerized automatic systems are being used for irrigation management. With computer-controlled irrigation, water stress is rarely a problem in hydroponics (Ho and Adams, 1995) . Computerized automatic system encourages peak growing conditions by holding the balance of substrate moisture, nutrients and air constant at optimum growing conditions. Production increases because there are no dry periods in the root zone, while water use and environmental damage is minimized (Valente et al, 1998) . The irrigation management system controlled by balance is one of the state-of-the-art control systems for irrigation. Yasuba et al. (1995) reported that automatic irrigation and nutrient solution management through the medium weight were reviewed for the high quality melon fruits. In recent years, the irrigation system controlled by integrated solar radiation (ISR) is on the increase in the protected cultivation (Roh and Lee, 1997a, 1997b) . For all aspects of plant growth and yield, the irrigation control by solar radiation is the efficient way of irrigation scheduling in greenhouses (Abou et al., 1993) . Irrigation management controlled by balance and ISR needs to be compared with maximize irrigation efficiency.
On the other hand, development of closed system in substrate culture is needed as the environment has become a main issue in agriculture for water and nutrient consumption. In comparison between open and closed systems for tomato production, the highest water and nutrient consumptions were obtained in the closed system with saving up to 24% water and 34% nutrient in report by Tuzel et al. (2001) . The afore-mentioned automatic irrigation management can be improved by means of adaptation of closed system.
The purpose of this investigation was to study the effect of the irrigation control by balance and ISR on the fruit quality of muskmelon in perlite culture in closed system.
MATERIALS AND METHODS

Plant Culture
The muskmelon seeds, Cucumis melo L. 'Sense' (Chowon seed company), were sown in the plug trays filled with Baroker (Seoul Agricultural Materials) substrate on Feb. 20. Half strength of Yamazaki's nutrient solution for melon (Yamazaki, 1982) was supplied by the ebb and flow method during raising seedlings. Each of young plants was planted on Aug. 17 into a cylindrical pot (diameter 35cm, depth 26cm) with perlite, of which particle size was 1.2~5 mm and dry bulk density was 0.115~0.145 kg -1 . The substrate was completely wetted up with nutrient solution 3 days before planting, and then irrigated by the drippers. The electrical conductivity (EC) of nutrient solution was 2.0~2.2 dS·m -1 and pH was 5.5~6.5 during the whole growing period. The computerized automatic system developed by our laboratory was used to measure and control nutrient solution supply system. Plants were topped off at 22nd node of main stem and allowed one fruit only. Flowers were pollinated between May 4~7. Fruits were harvested on July 6.
Treatments
Three irrigation treatments were initiated on June 18. In two irrigation treatments by hanging balance, nutrient solutions were applied according to the amount of drainage, of which high and low level was between 10~15% (dr-H) and 1~5% (dr-L) respectively. The irrigation was set to be started 30 minutes before sunrise and ended at 16:00. In another irrigation treatment, it was applied from sunrise to 16:00 whenever ISR reached 576 kJ·m -2 (ISR-576), which was certified appropriate in a preliminary experiment. ISR was reset to zero automatically when the solution started being irrigated. The duration of irrigation application was 40 seconds with the amount of 96 mL per plant. There were 6 replications of each irrigation treatment.
Growth Measurements and Analysis
Weights of the amount of irrigated solution and pot in each treatment were measured in the real time with the balance of hanging type (CAS, CI-5010A). The computerized automatic system developed by our laboratory was used to control the weight values.
The system's operating software, named IGAS (Intelligent greenhouse automatic system) was developed for real-time greenhouse irrigation control using Visual C++, which is a visual development language for Windows98.
After harvest, fruits were investigated on fresh weights and soluble solid content (SSC) evaluated as Brix. As the SSC vary within the different regions of melon fruit, fruits were cut along the longitudinal axis. Samples were taken from 2 regions of flesh of a fruit, 1 cm apart from the juicy part, and then measured with a handy digital refractometer N.O.W.) .
RESULTS AND DISCUSSION
The powerful irrigation control system using balance was implemented by the knowledge-based algorithm. The monitoring and control programs were developed to be suitable for the substrate weight-based irrigation management. The weighing system could control the amount of irrigation accurately up to 0.05kg. This weighing system was suggested as a state-of-the-art system to overcome the shortcoming of ISR and timer as discussed earlier (Kim and Kim, 2000, 2002) .
The amount of irrigated solution by balance was high in dr-H and low in dr-L (Fig. 1) . The amount of irrigated solution was very different between treatments due to the setting value of the pot weight by drainage rate. The irrigation gradient by balance was linear. The higher irrigation increment in dr-H during the morning showed that the time to be reached to the setting value might be needed more in dr-H than in dr-L.
The amount of irrigated solution by ISR was more on the day of daily ISR (DISR) of 16.6 MJ·m -2 than 11.3 MJ·m -2 (Fig. 2) . Irrigation was started at 7:50 on the day of high DISR, whereas it was started at 8:07 on the day of low DISR. Irrigation frequency was 26 times on the day of high DISR and it was 17 times on the day of low DISR. Irrigation time interval was opposite to the light intensity during a day, no matter how bright the sun is (Fig. 3) . Irrigation time interval after first irrigation was short on the day of high DISR than low 
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